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It is important to measure the radionuclide concentrations in red soil to determine the
health effect and to protect the environment. The red soil regions located in Qassim
province, Saudi Arabia were determined. Thirty red soil samples were collected from three
regions (Al Bi'ithah, Dremeha and Al Bukaireyah). Gamma-ray spectrometry using NaI (Tl)
detector was used to measure the radionuclides of 226Ra, 232Th and 40K. The average (range)
of activity concentration of 226Ra was 10.0 (9.3e11.6) Bq/kg, 7.3 (6.6e8.4) Bq/kg and 19.4 (15.9
e22.7) Bq/kg in Al Bi'ithah, Dremeha and Al Bukaireyah, respectively. For 232Th, the average
values of radioactivity concentration were 11.8 (7.6e13.0), 6.3 (5.1e7.3) and 19.1 (17.8e20.7)
in Al Bi'ithah, Dremeha and Al Bukaireyah, respectively. In addition, the average
radionuclide concentration of 40K was 74.5 (71.2e78.3), 67.3 (57.6e77.4) and 94.3 (59.6e101.6)
in Al Bi'ithah, Dremeha and Al Bukaireyah, respectively. Next, the comparison between
radionuclide concentrations in this study and other published papers in the world was
done. In addition, radiation hazard parameters were estimated. The maximum values of
the radium equivalent and absorbed dose rate were 63.6 Bq/kg and 30.0 nGy/h, respectively.
These values are lower than the international limit (370 Bq/kg and 65 nGy/h). Furthermore,
the annual effective gamma doses and the lifetime hazards of cancer were lower than the
international limit. The external hazard index (Hex), internal hazard index (Hin) and
representative level index (Igr) were found to be less than the acceptable limit of unity.
Therefore, the study area is still in the zones of normal radiation level, which leaves the red
soil radioactivity there less a threat to the environment as well as the human health.
Copyright © 2016, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Themajor source of natural radionuclides in the environment
is the weathering of terrestrial minerals and rocks and
discharge associated with various industrial activities. The
minerals and rocks consist of radionuclides like 238U, 232Th
series, and 40K that naturally decay and they produce 226Ra,hra@gmail.com.
gyptian Society of Radiat
iety of Radiation Sciences
icense (http://creativecom222Rn, polonium and lead. Regarding industrial activities, the
radionuclides can be discharged into the environment when
they are used to produce: (I) phosphoric acid, (II) oil and gas
and (III) aluminum (Papatheodorou, Papaefthymiou, Maratou,
& Ferentinos, 2005). The source of aluminum is bauxite con-
taining high levels of natural radioactivity because it consists
of both uranium (238U) and thorium (232Th) and their products
(Cooper, 2005).ion Sciences and Applications.
andApplications. Production and hosting by Elsevier B.V. This is an
mons.org/licenses/by-nc-nd/4.0/).
Table 1 e Content of radionuclides in red mud (Cooper,
2005).
Radionuclide Specific activity (Bq/kg)
238Ue226Ra decay series 100e3000
232Th decay series 100e300
40K 10e100
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andminerals (El-Taher, 2012; El-Taher&Alashrah, 2015). They
have become concentrated and exposed not only to the
environment but also to human workers in mines, manufac-
turers, or water suppliers. Actually there are a number of
authors who have studied the radiological impact resulting
fromphosphate production and oil or gas production (Abbady,
Uosif, & El-Taher, 2005). The red soil has been widely used in
industry and in scientific investigations such as bauxite,
however the number of studies on the radiological impact
resulting from red soil or red mud (the waste and tail material
from primary aluminum production) was low (Jobbagy,
Somlai, Kovacs, Szeiler, & Kovacs, 2009). Table 1 shows the
radioactivity concentrations in the red mud. The radioactivity
is high and it results from either or both 238U and 232Th decay
series, depending on the geological composition. Natural
radioactivity in the bauxite, solid residues and red soil
resulting from alumina production in Western Australia was
measured (Cooper, 2005). The 238U activity concentration re-
sults were 120e350 (bauxite), 5e200 (soil residues) and
150e600 (redmud). Furthermore, the activity concentration of
232Th was (450e1050), (300e800), (1000e1900) for bauxite, soil
residues and red mud, respectively. The radionuclide con-
centration of red soil increases three times compared to the
original bauxite mineral due to refined bauxite and produced
alumina. The most concentration of uranium or thorium ra-
dionuclides is transferred to the solid waste. However, a few
or none, of their radionuclides are found in the alumina.
Furthermore, Righi, VeritaS, Albertazzi, Rossi, & Bruzzi (2009)
measured the natural radioactivity in bauxite. Their resultsFig. 1 e Location map of red soil areashowed that the activity concentrations of 238U were be-
tween 500 and 600 Bq/kg and from 400 to 450 Bq/kg for 232Th.
The normal soil samples from seven cities including Al
Bukaireyah in Qassim region were studied by El-Taher & Al-
Zahrani (2014). They used gamma spectrometry to measure
the radioactivity concentration of 226Ra, 232Th and 40K. The
mean activity concentrations of Al Bukaireyah for 226Ra, 232Th
and 40K were 8, 13 and 543 Bq kg1, respectively.
In this study, the concentrations of natural radionuclides
in the red soil in three places in Qassim region are measured.
This evaluation aims to: (I) Establish a reference level activity
for radionuclide concentrations of 238U, 232Th decay series and
40K in red soil samples around the mines (II) Calculate the
radiological impact resulting from red soil (III) Compare the
radioactivity concentration with other countries and (IV)
Identify areas which may be a radiological hazard for the
public.2. Materials and methods
2.1. Location of study area
Al Bi'ithah (N27560, E43430) is located in the north-east of
Buraidah in Qassim region. It is 180 km from Buraidah. It has a
bauxite mine. It is laterite profile because it is rich in iron and
aluminum. It is over a distance of 105 km in the scarp face of
an early Cretaceous feature. The estimated total reserves are
101.8 million ton. Of course, the laterite development could be
older than Oligocene. The thickness of bauxite is approxi-
mately 8.5 m described by Collenette and Grainger (1994). The
Al Bi'ithah is in the cuesta region of central Saudi Arabia.
Dremeha N(26 160), E(43 70) is located in the west of Buraidah
in Qassim region. It is about 130 km from Buraidah and it has
red soil. The third city is Al Bukaireyah located in the west of
Buraidah and 15 Km from it. Also there are a number of
published papers about Al Bukaireyah soil but they have not
focused on red soil (El-Taher & Al-Zahrani, 2014)., Qassim province, Saudi Arabia.
Fig. 2 e (a) the front view of the ARL QUANT'X EDXRF (b) sample cups.
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Thirty surface red soil samples were collected within an area
of 1 m2 and from five points (one in the center and four at the
corners). These samples were then mixed to prepare a single
sample after eliminating leaves or roots of plants. The sam-
pling points and the lateral distribution of red soil are pre-
sented in Fig. 1. Ten samples (1e10) were collected from the
red soil deposited in Al Bi'ithah. Furthermore, ten red soil
samples (11e20) were collected from the Dremeha area. The
last ten red soil samples (21e30) were collected from Al
Bukaireyah (Fig. 1). All the red soil samples were air-dried,
crushed to fine powder and homogenized. The homogenized
samples were dried at 110 C to release humidity from sam-
ples (Benke & Kearfott, 1999; El-Taher & Abbady, 2012; El-
Taher & Makhluf, 2010, 2011; Veiga et al., 2006). Micro sieves
were used to maintain the uniform grain size (Holm &
Ballestra, 1989). They were transferred into cylindrical con-
tainers weighing around 300 g. They were sealed and stored
for more than four weeks prior to ensure that secular equi-
librium would be achieved between 226Ra and 222Rn (Mollah,
Rahman, Koddus, Husain, & Malek, 1987). The activities of
the samples were determined using g-ray spectroscopy
measured by NaI (Tl) detector. The measuring time for
gamma-ray spectra was 12 h. In order to determine the ac-
tivity concentration of the background, an empty polystyrene
container was counted in the same manner as the samples.
After measurement and subtraction of the background, the
activity concentration was calculated (El-Taher, 2010, 2011; El-
Taher & Madkour, 2011).2.3. ARL QUANT'X EDXRF
The sample cups can be used for liquid, powder or sold sam-
ples. The red soil samples were crushed. The sample cups
were filled with the crushed red soil samples Fig. 2(b). They
were covered using thin film without leaving wrinkles on
them using the slim ring by sliding it down. When the cups
were prepared, they were placed on the sample stage inside
the spectrometer chamber of the ARL QUANT'X EDXRF. The
Thermo Scientific QUANT'X is a compact high-performance
Energy Dispersive X-ray Fluorescence (EDXRF) analyzer. Theinstrument uses an X-ray tube excitation source and a solid
state detector to provide simultaneous spectroscopic analysis
of elements ranging from sodium to uranium in atomic
number and in concentrations ranging from a few parts per
million to 100 percent. Instrument control and data analysis
are performed by a personal computer that is connected to the
system. Fig. 2(a) shows the front view of the QUANT'X with a
Peltier cooled detector (PCD) installed. The X-ray tube provides
the primary X-ray beam used to illuminate the sample. The
target material of the X-ray tube determines certain charac-
teristics of the tube's spectral output and is therefore selected
based on the intended application of the instrument. The X-
ray detector provides the means for sensing fluoresced X-ray
photons and converting them to electrical signals. The Si(Li)
detector shown in Fig. 2(a) is made from a high purity silicon
crystal. A bias voltage is applied to electrical contacts on
opposite sides of the crystal to produce an electric field
throughout the crystal volume. When an X-ray photon enters
the active region of the detector, the process of photo-
ionization creates electronehole pairs. These mobile charges
are collected at the contacts by the action of the electric field
which pushes the electrons to the signal contact and the holes
to the Schottky barrier contact. This collected charge is the
sensor's output signal and is connected to the gate of the field
effect transistor (FET) for amplification. Since an electro-
nehole pair is produced for each 3.8 eV of photon energy, the
signal amplitude is proportional to the photon energy
(Thermo, 2005).3. Result and discussion
3.1. Activity concentrations of 226Ra, 232Th and 40K
The activity concentrations of 226Ra, 232Th and 40K in red soil
samples in Qassim province are shown in Table 2 and the
histogramof the activity concentrations of 226Ra, 232Th and 40K
is shown in Fig. 3. According to the recommended reference
level by UNSCEAR 1988, the activity concentration should be
less than 25, 25 and 370 Bq/kg for 226Ra, 232Th and 40K,
respectively (UNSCEAR, 1988). The obtained results in red soil
samples were lower than the recommended reference level
Table 2 e Activity concentrations (226Ra, 232Th and 40K) in
red soil in the study area.
Sample
location
Sample
no
Activity concentrations
226Ra (Bq/
kg)
232Th (Bq/
kg)
40K (Bq/
kg)
Al Bi'ithah 1 9.6 ± 0.5 12.2 ± 0.6 73.3 ± 3.7
Al Bi'ithah 2 10.3 ± 0.1 12.5 ± 0.1 75.5 ± 3.8
Al Bi'ithah 3 9.5 ± 0.5 12.4 ± 0.6 71.2 ± 3.6
Al Bi'ithah 4 10.6 ± 0.5 13.0 ± 0.7 74.5 ± 3.7
Al Bi'ithah 5 9.6 ± 0.5 12.2 ± 0.6 74.6 ± 3.7
Al Bi'ithah 6 9.3 ± 0.1 11.7 ± 0.1 72.0 ± 3.6
Al Bi'ithah 7 9.8 ± 0.5 12.0 ± 0.6 76.2 ± 3.8
Al Bi'ithah 8 9.9 ± 0.1 12.0 ± 0.1 73.0 ± 3.6
Al Bi'ithah 9 10.1 ± 0.5 12.3 ± 0.6 76.3 ± 3.8
Al Bi'ithah 10 11.6 ± 0.6 7.6 ± 0.4 78.3 ± 3.9
Dremeha 11 7.7 ± 0.4 6.8 ± 0.3 63.8 ± 3.2
Dremeha 12 6.6 ± 0.3 5.1 ± 0.3 58.1 ± 2.9
Dremeha 13 7.0 ± 0.4 6.1 ± 0.3 67.2 ± 3.4
Dremeha 14 7.3 ± 0.4 6.7 ± 0.3 68.6 ± 3.4
Dremeha 15 6.9 ± 0.3 5.6 ± 0.3 57.6 ± 2.9
Dremeha 16 7.0 ± 0.4 5.8 ± 0.3 62.0 ± 3.1
Dremeha 17 7.5 ± 0.4 6.3 ± 0.3 69.8 ± 3.5
Dremeha 18 6.7 ± 0.3 7.3 ± 0.4 77.4 ± 3.9
Dremeha 19 7.7 ± 0.4 6.3 ± 0.3 72.9 ± 3.6
Dremeha 20 8.4 ± 0.4 6.8 ± 0.3 75.9 ± 3.8
Al Bukaireyah 21 21.4 ± 0.9 20.1 ± 1.0 99.5 ± 5.0
Al Bukaireyah 22 20.2 ± 0.8 18.9 ± 1.0 89.8 ± 4.5
Al Bukaireyah 23 22.7 ± 1.2 20.7 ± 1.1 95.3 ± 4.8
Al Bukaireyah 24 21.3 ± 1.1 19.0 ± 1.0 101.6 ± 5.1
Al Bukaireyah 25 19.6 ± 1.0 18.0 ± 0.9 89.6 ± 4.5
Al Bukaireyah 26 21.1 ± 1.1 18.8 ± 1.0 92.0 ± 4.6
Al Bukaireyah 27 15.9 ± 1.0 17.8 ± 0.9 90.5 ± 4.5
Al Bukaireyah 28 17.7 ± 1.1 19.4 ± 1.0 98.3 ± 4.9
Al Bukaireyah 29 16.4 ± 1.1 18.3 ± 1.0 90.5 ± 4.5
Al Bukaireyah 30 18.0 ± 1.1 20.2 ± 0.7 95.5 ± 2.2
Fig. 4 e Correlations between 226Ra with 232Th ( ) and 226Ra
with 40K and ( ) red soil in Qassim province Saudi Arabia.
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concentrations of 226Ra, 232Th and 40K in red soil in this study
with those by other investigations in different locations in the
world. Fig. 4 illustrates the correlations between 226Ra, 232Th
and 40K. It is noted that a good correlation between 226Ra and
232Th and between 226Ra and 40K was observed with a corre-
lation coefficient of 0.87 and 0.859, respectively.Fig. 3 e Average activity concentration of 226Ra, 232Th and
40K e in red soil samples from the study area.The highest measured activity concentration of 226Ra,
232Th and 40K on the surveyed area was detected in the red soil
in Al Bukaireyah (samples from 21 to 30) and was found to be
in the range of 15.9e22.7 Bq/kg, 17.8e20.7 Bq/kg and
89.8e101.6 Bq/kg, respectively, as shown in Table 2. These
values are lower than the recommended reference level. Ac-
cording to the activity concentration, the next surveyed area
was Al Bi'ithah and it was from 9.3 to 11.6, from 7.6 to 12.5 and
from 71.2 to 78.3 for 226Ra, 232Th and 40K, respectively. The last
surveyed area was Dremeha and the values of the measured
activity concentration of 226Ra, 232Th and 40Kwere in the range
of 6.6e8.4, 5.1e7.3 and 57.6e77.4, respectively. These results
are in good agreement with the results of the X-ray fluores-
cence system (XRF) used to quantify the levels of Aluminum,
iron, copper and zinc. The data given in Table 3 shows that the
percentage of aluminum and iron was the highest in Al
Bukaireyah and the lowest in Dremeha.
Regarding the comparison between the concentrations of
226Ra, 232Th and 40K in red soil in this study with the concen-
trations of 226Ra, 232Th and 40K in other countries, they were
presented in Table 4. The mean values of 232Th, 226Ra and 40K
in Al Bukaireyah, Al Bi'ithah andDremeha in the present study
were lower than documented values for red soil in the average
world values. However, the average 232Th value in AlTable 3 e Major elements analyses (in wt%) in the
surveyed area samples by XRF.
Element Sample location
Al Bukaireyah Al Bi'ithah Dremeha
Si 38.34 39.61 39.33
Na 29.89 30.98 33.72
Mg 14.63 14.68 15.25
Al 12.52 10.97 9.07
Ca 2.04 1.50 0.51
Fe 1.36 1.17 0.85
K 0.87 0.79 1.03
Ti 0.24 0.21 0.15
Mn 0.03 0.03 0.02
Zr 0.05 0.04 0.02
Table 4 e The results of comparison between the concentration of 226Ra, 232Th and 40K in this study with other countries
around the world. Values within parentheses correspond to the maximum and minimum values of the parameters.
Country The activity concentration Bq/kg References
226Ra 232Th 40K
Qassim-Al Bi'ithah 10.0 (11.6e9.3) 11.8 (13.0e7.6) 74.5 (78.3e71.2) Present study
Qassim-Dremeha 7.3 (8.4e6.6) 6.3 (7.3e5.1) 67.3 (77.4e57.6) Present study
Qassim-Al Bukaireyah 19.4 (22.7e15.9) 19.1 (20.7e17.8) 94.3 (101.6e59.6) Present study
Greek-Corinth Gulf 48.67 (12.9e185.2) 85.51 (15.1e412.0) 318.75 (28.3e539.9) (Papatheodorou et al., 2005)
Greece-Milos island 70 (16e119) 75 (19e152) 890 (158e3893) (Papatheodorou et al., 2005)
Kuwait 39.1 (8.1e72) 6.8 (1.6e17) 247.4 (40.5e492) (Saada & Al-Azmib, 2002)
World average 32 45 420 (UNSCEAR, 2000)
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Kuwait. With regard to 226Ra, the mean value was lower than
in Greece and Kuwait. With regard to 40K activity concentra-
tion, there was similarity between 40K activity concentration
in the present study with 40K activity concentration values in
Greece and Kuwait.Table 5 e Radiological hazards (absorbed dose, Hex, Hin,
Igr and Raeq) in red soil from Qassim province.
Sample
location
Sample
no.
Raeq (Bq/
kg)
Dose rate
(nGy/h)
Hex Hin Igr
Al Bi'ithah 1 32.7 14.9 0.09 0.11 0.23
Al Bi'ithah 2 34.0 15.5 0.09 0.12 0.24
Al Bi'ithah 3 32.7 14.8 0.09 0.11 0.23
Al Bi'ithah 4 34.9 15.9 0.09 0.12 0.25
Al Bi'ithah 5 32.8 14.9 0.09 0.11 0.24
Al Bi'ithah 6 31.6 14.4 0.09 0.11 0.23
Al Bi'ithah 7 32.8 15.0 0.09 0.12 0.24
Al Bi'ithah 8 32.7 14.9 0.09 0.12 0.23
Al Bi'ithah 9 33.6 15.3 0.09 0.12 0.24
Al Bi'ithah 10 28.5 13.2 0.08 0.11 0.21
Dremeha 11 22.3 10.3 0.06 0.08 0.16
Dremeha 12 18.4 8.6 0.05 0.07 0.13
Dremeha 13 20.9 9.7 0.06 0.08 0.15
Dremeha 14 22.2 10.3 0.06 0.08 0.16
Dremeha 15 19.3 9.0 0.05 0.07 0.14
Dremeha 16 20.1 9.3 0.05 0.07 0.15
Dremeha 17 21.9 10.2 0.06 0.08 0.16
Dremeha 18 23.1 10.7 0.06 0.08 0.17
Dremeha 19 22.3 10.4 0.06 0.08 0.16
Dremeha 20 24.0 11.2 0.06 0.09 0.17
Al Bukaireyah 21 57.8 26.2 0.16 0.21 0.41
Al Bukaireyah 22 54.1 24.5 0.15 0.20 0.38
Al Bukaireyah 23 59.6 27.0 0.16 0.22 0.42
Al Bukaireyah 24 56.3 25.6 0.15 0.21 0.40
Al Bukaireyah 25 52.2 23.7 0.14 0.19 0.37
Al Bukaireyah 26 55.1 24.9 0.15 0.21 0.39
Al Bukaireyah 27 48.3 21.9 0.13 0.17 0.34
Al Bukaireyah 28 53.0 24.0 0.14 0.19 0.38
Al Bukaireyah 29.0 49.5 22.4 0.13 0.18 0.35
Al Bukaireyah 30.0 54.3 24.5 0.15 0.20 0.39
Maximum 59.6 27.0 0.2 0.2 0.4
Minimum 18.4 8.6 0.0 0.1 0.1
Average 36.0 16.4 0.1 0.1 0.33.2. Radiological parameters
3.2.1. Radium equivalent activities (Raeq)
The Gamma-ray radiation hazards resulting from 226Ra, 232Th
and 40K can be estimated using different indices such as
Radium equivalent (Raeq). It is the most widely used radiation
hazard index (Beretka&Mathew, 1985; Krieger, 1981). Raeq is a
weighted sum of activities of the above three radionuclides
based on the estimation that 370 Bq/kg of 226Ra, 259 Bq/kg of
232Th and 4810 Bq/kg of 40K produce the same g-ray dose rates
(Stranden, 1976). A value of 370 Bq kg1 corresponds to 1 mSv/
y. According to our study, the calculated values were changed
from 22.1 Bq/kg (Dremeha) to 63.6 (Al Bukaireyah) Bq/kg with
an average of 39.4 Bq/kg as shown in Table 5 and Fig. 5(a).
These values were lower than the permissible maximum
value of 370 Bq/kg (NEA-OECD, 1979).
Raeq ¼ CRa þ ðCTh  1:43Þ þ ðCK  0:077Þ (1)
where CRa, CTh and CK are the activity concentrations (Bq kg
1)
of 226Ra, 232Th, and 40K, respectively.
3.2.2. Radiological indices
The external hazard (Hex), internal hazard (Hin) and repre-
sentative level (Igr) indices for samples can be used to estimate
the radiation hazards. They can be calculated using the
following equations (Beretka & Mathew, 1985).
Hex ¼ CRa=370 Bq Kg1 þ CTh=259 Bq Kg1þCK=4810 Bq Kg1
(2)
Hin ¼ CRa=185þ CTh=259þCK=4810 (3)
Igr ¼ ð1=150ÞCRa þ ð1=100ÞCThþð1=1500ÞCK (4)
where CRa, CTh and CK are the activity concentrations (Bq kg
1)
of 226Ra, 232Th, and 40K, respectively.
Themaximumvalues of Hex, Hin and Igr should be less than
unity meaning the calculated dose is less than 1 mSv per year
(ICRP-65, 1993). The ranged values of indoor radiation hazard
index (Hin), and outdoor radiation hazard index (Hex) variedfrom 0.2 to 0.1 as shown in Table 5. With regard to the
representative level (Igr) index, it changed from 0.5 to 0.2 with
a mean value of 0.3 as shown in Table 5. Therefore these re-
sults showed that there was no health hazard from the
gamma radioactivity.
3.2.3. Absorbed dose rate and the annual effective dose
equivalent (AEDE)
The absorbed gamma dose rates D (nGh1) in air at 1 m above
the ground surface for the uniform distribution of radionu-
clides were calculated based on guidelines provided by
Table 6 e Average annual effective doses calculated for
surface red soil samples collected from Qassim province.
Location Annual effective dose
(mSv)
ELCR  105
(AEDE)outdoor (AEDE)indoor Average
Al Bi'ithah 0.02 0.07 6.38
Dremeha 0.01 0.05 4.28
Al Bukaireyah 0.03 0.12 10.50
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was calculated from the absorbed dose by applying the dose
conversion factor of 0.7 Sv/Gy with an outdoor occupancy
factor of 0.2 and 0.8 for indoor (UNSCEAR, 2000; El-Taher &
Abbady, 2012).
D

nG h1
 ¼ 0:0417 CK þ 0:462 CRa þ 0:604 CTh (5)
ðAEDEÞoutdoor ¼ D

nG:h1
 8760h:y1 0:7
 103 mSv=nGy 109 0:2 (6)
ðAEDEÞindoor ¼ D

nG:h1
 8760h:y1 0:7
 103 mSv=nGy 109 0:8 (7)
where CRa, CTh and CK are the activity concentrations (Bq kg
1)
of 226Ra, 232Th and 40K, respectively, in the samples. The
absorbed dose rate is the first major step for evaluating the
health risk and is expressed in gray (Gy). The calculated total
absorbed dose and annual effective dose rates of samples
were presented in Table 5, Table 6 and Fig. 6. They changed
from 30.0 to 10.7 nGy/h and from 0.13 to 0.02 mSv/year,
respectively, where the upper limit is observed in Al Bukair-
eyah and the lower limit in Dremeha location. These values
are lower than the limits recommended by the ICRP-65 report
(ICRP-65, 1993). Therefore, the study area is still in the zones ofFig. 5 e Average Raeq and absorbed dose (Gy/h) of different
red soil in Qassim province (a). Average radiological
hazards (Hex, Hin and Igr) in red soil from Qassim province
(b).normal radiation level, which leaves the soil radioactivity
there less a threat to the environment as well as human
health.
3.2.4. Excess lifetime cancer risk (ELCR)
Excess lifetime cancer risk (ELCR) was calculated by using
equation
ELCR ¼ AEDEDL RF (7)
where DL is duration of life (70 year) and RF is risk factor (Sv1),
fatal cancer risk per Severt. For stochastic effects, ICRP 60
(ICRP-60, 1991) uses values of 0.05 for the public. When
Equation (7) was used, the maximum value of ELCR was
12.87  105. When life expectancy was taken as 70 years, the
average lifetime outdoor gamma radiation was calculated as
2.57 mSv/year.4. Conclusion
The average activity concentrations of 226Ra were 10.0, 7.3 and
19.4 Bq/kg in Al Bi'ithah, Dremeha and Al Bukaireyah,
respectively. For 232Th, the average values of concentration
were 11.8, 6.3 and 19.1 Bq/kg in Al Bi'ithah, Dremeha and Al
Bukaireyah, respectively. In addition, the average concentra-
tion values of 40K were 74.5, 67.3 and 94.3 Bq/kg in Al Bi'ithah,
Dremeha and Al Bukaireyah, respectively. Overall, the study
showed that themeasured values are lower than the values in
world wide soil. The maximum values of the Radium equiv-
alent and absorbed dose rate were 63.6 Bq/kg and 30.0 nGy/h,Fig. 6 e Average absorbed dose rate (nGy/h) and annual
effective dose (mSv/y) of different red soil from Qassim KSA.
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limits which are 370 Bq/kg and 65 nGy/h. The external hazard
index (Hex), internal hazard index (Hin) and representative
level index (Igr) were found to be less than the acceptable limit
of unity. Therefore, the study area is still in the zones of
normal radiation level, which leaves the red soil radioactivity
there less a threat to the environment as well as human
health. However, this data may provide a general background
level for the area studied andmay also serve as a guideline for
future measurement and assessment of possible radiological
risks to human health in this region.r e f e r e n c e s
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